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Abstract
Alternative materials, like recycling materials, industrial by-products and soils already influenced by human activities (e.g. urban 
soils) are commonly accepted as building material in earthwork constructions. The risk of contaminant leaching from these 
materials can be limited by reducing the amount of percolating water. Technical safeguards are means to achieve this, but they
must be adapted to the requirements of road construction. The research project aims to better knowledge of the percolation and 
leaching processes in road embankments constructed from alternative materials with different technical safeguards. 
The input and behavior of water and contaminants from re-used soils and road runoff is measured in eight field lysimeters at an 
urban road in an enterprise zone in Augsburg, southern Germany with about 9,700 vehicles per day. Each lysimeter contains the 
cut out of an embankment. The technical safeguards aim to decrease percolation and include a capillary barrier / drainage layer 
from geotextile and a second one from gravel, a bituminous film of 1 kg/m² and a modified mineral sealing of 10 cm.
A sandy gravel and a loamy soil were each used for construction of the embankment cut out in four lysimeters. The soils were 
spiked with a low contamination of Cd, Cu and CN- to test the efficiency of the technical safeguards. In the percolate water of the 
lysimeters as well as in the road runoff the pH value, electrical conductivity and the concentrations of sulphate, chloride, As, Pb, 
CN- , Cr, Cu, Hg, Ni, Mo, Sb, Tl, V and Zn have been analyzed in two-week composite samples since July of 2010. The amount 
of road runoff, lysimeter runoff and percolating water with its electrical conductivity are measured continuously. It has to be 
noted that measures were taken during a testing period in order to solve imperfections in the test set-up. These measures will 
have affected the observations presented.
Results show that the unfiltered road runoff shows considerable concentrations of Zn and also elevated concentrations of Pb, as 
expected from former experience and literature. Up to now, all embankment types lead to a strong retention of these two 
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substances. However, elevated Zn and Pb concentrations can be found in the percolating water during times of high chloride 
concentrations originating from deicing salt. Furthermore it was shown that the average contaminant leaching of each lysimeter
was relatively small during the measurement period. 
Changes in concentrations of other parameters seem to be induced mainly by high chloride content of the infiltrating road runoff, 
but the time of occurrence of the changes in the effluent as well as the temporal variations depend also on the soil type, soil pH 
and the technical safeguards. Additionally, it seems that the soil type has a stronger influence on the percolation process 
compared to the different technical safeguards. Possible reasons will be discussed.
© 2016The Authors. Published by Elsevier B.V..
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM).
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1. Introduction
Quantities of leachates and their retention time in the construction materials have a significant effect on the 
mobilization of extractable pollutants. 
The quantitative leachate of partly saturated earth dams due to rainfall is insufficiently known so far. For road 
construction engineers the available knowledge on water in road earthwork constructions is sufficient to assess the 
usability of the roads, but for the hydro-geological assessment of the leachate with regard to soil and groundwater 
protection, the current knowledge is insufficient. Especially the following questions remain unanswered: How much 
water enters the road construction and how much water seeps through which parts of the road embankment? 
Therefore this project examines the influences of dam construction materials, selected geohydraulic safeguards and 
the geometry of the slopes, on the leachate rates and their chemical properties.
Basic information on geohydraulic safeguards possible in road and earthworks is compiled in the fact sheet “M 
TS E - Merkblatt über Bauweisen für technische Sicherungsmaßnahmen beim Einsatz von Böden und Baustoffen 
mit umweltrelevanten Inhaltsstoffen im Erdbau“ (Fact sheet on construction types of technical safeguards when 
using soil and building materials with environmental relevant substances) (FGSV 2009). Large scale lysimeters 
were selected to compare the effectiveness of some of the safeguards stated in this fact sheet, in order to quantify the 
leachate rates, as well as the pollutant concentrations. 
Aim of the project is to make an urgently required contribution to the assessment of economical and 
environmentally compatible use of alternative construction materials in earthworks. The alternative construction 
materials relevant to earthworks are recycled construction materials and industrial by-products, as well as soils 
which are already influenced by human activities. The aim of the research project is to deliver currently non-existent 
assessment measurements for soil and groundwater protection for conditions specific for road constructions. 
In order to achieve this, a part of a road embankment including a roughly one meter wide shoulder and a typical 
slope section was installed in eight lysimeters, on behalf of the Federal Highway Research Institute (Bundesanstalt 
für Straßenwesen - BASt), in a lysimeter facility situated in southern Germany (Augsburg, Derchinger Straße). Over 
a period of five years, four different geohydraulic safeguards were examined in two different soils in comparison to 
conventionally constructed slopes with regard to the leachate. 
Two-week composite samples of the leachate from the eight lysimeter basins and from the road runoff are 
collected and analyzed with regard to volume, el. conductivity, pH and pollutants, especially the spiked substances 
cadmium, cyanide and copper. The following data is regularly collected:
x leachate quantities per lysimeter basin, 
x surface drainage quantities per lysimeter basin,
x road runoff,
x chemical parameters of the two-week composite samples
x rainfall data from the pluviograph at the testing facility,
x climate data from the nearby weather station of the German Meteorological Service (3 km distance),
x Results of the sensors installed in the slopes (volumetric moisture, temperature and conductivity) two points of 
each slope per lysimeter basin.
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM)
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2. Site and materials
An existing lysimeter facility owned by the City of Augsburg and constructed by the former Landesamt für 
Wasserwirtschaft was selected and modified for the new requirements (see Brand et al. 2013, Chapt. 3.1.-3.5 and 
Figure 1). The lysimeter facility is located in Augsburg on Derchinger Straße, which is a district road at the border 
of a commercial area with one road lane in each direction. Both lanes drain in the direction of the lysimeters.
Fig. 1. Lysimeter facility (during construction of the slopes in 2010).and schematic diagram of the facility.
From every lysimeter, the surface drainage and leachate is directed to the measuring station in separate pipes 
(Figure 1). For the quantitative collection of the waters, tipping bucket gauges made of stainless steel are used, with 
a resolution of 0.1 [L] for the leachates and 1.0 [L] for the surface drainage. In each lysimeter HydraProbe II sensors 
were installed for measuring of volumetric soil moisture, electric conductivity and temperature at two points of each 
slope. A heated pluviograph on site with a resolution of 0.1 [mm] gathers and measures the amount of precipitation.
Further data on location conditions, weather/climate, water balance, weather situation during the measurement 
period, as well as the exact description of the present measurement technology can be found in Brand et al. (2013).
For the construction of the embankment cores, a loamy cohesive soil (SU¯ according to German soil classification 
in DIN 18196, slightly permeable) was selected for four lysimeters and a sandy gravel (GI according to German soil 
classification in DIN 18196, highly permeable) soil was selected for the other four lysimeters. Further information 
on the soils can be found in Brand et al. (2013). The soils used were spiked with pollutants (cadmium acetate, 
potassium ferrocyanide and copper sulphate), because no adequate polluted soils were available.
An overview of the selected technical safeguards can be found in Table 1, details in Figure 2. Limiting factor for 
the selection of the safeguards was the basin size of the facility.
                     Table 1. Implemented technical safeguards.
Cohesive soil Gravelly soil
Lysimeter 1 no technical safeguard, 10 cm topsoil Lysimeter 5 water-repellent gating, 20 cm topsoil
Lysimeter 2 drainage mat, 10 cm topsoil Lysimeter 6 no technical safeguard, 20 cm topsoil
Lysimeter 3 10 cm drainage layer, 10 cm topsoil Lysimeter 7 modified mineral sealing, 20 cm topsoil
Lysimeter 4 water-repellent gating, 20 cm topsoil Lysimeter 8 no technical safeguard, 10 cm topsoil
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Fig. 2. Display of the lysimeter constructions.
Two-week composite samples were collected for each lyismeter as well as the road runoff, depending on the 
rainfall. Thereby an aliquot of 2.5 % of the leachate (1% for the road runoff) was created via a tipping bucket gauge 
with sample divider and collected in 10 [L] polyethylene canisters. For each sampling, the canisters were replaced 
with canisters cleaned and treated with HNO3 (~25% concentration). The pH value and el. conductivity were 
measured in the composite samples on site. The chemical analysis of the parameters listed in Table 2 was performed 
by an accredited laboratory. 
Table 2. Chemical parameters and respective examination method at the start of the project.
Parameter
Limit of
quantification
Unit applied method Parameter
Limit of
quantification
Unit applied method
Chloride 0.5 [mg/L] DIN EN ISO 10304-1:1995 Nickel 0.005 [mg/L] DIN EN ISO 11885 (E 22)
Sulphate 0.5 [mg/L] DIN EN ISO 10304-1:1995 Mercury 0.0001 [mg/L] DIN EN 1483 (E 12)
Cyanide, all 0.005 [mg/L] DIN EN ISO 14403 Zinc 0.01 [mg/L] DIN EN ISO 11885 (E 22)
Arsenic 0.005 [mg/L] DIN EN ISO 11885 (E 22) Thallium 0.001 [mg/L] DIN EN ISO 11885 (E 22)
Lead 0.005 [mg/L] DIN EN ISO 11885 (E 22) Molybdenum 0.005 [mg/L] DIN EN ISO 11885 (E 22)
Cadmium 0.0005 [mg/L] DIN EN ISO 11885 (E 22) Antimony 0.002 [mg/L] DIN EN ISO 11885 (E 22)
Chrome, all 0.005 [mg/L] DIN EN ISO 11885 (E 22) Vanadium 0.003 [mg/L] DIN EN ISO 11885 (E 22)
Copper 0.005 [mg/L] DIN EN ISO 11885 (E 22)
The limits of quantification of the chemical parameters changed due to changes in the applied method during the 
project. The parameters arsenic, mercury and thallium were not detected in a single sample from the beginning of 
the project until February 2011. Since the detection of these parameters is not to be expected they were no longer 
measured. Starting October 2011 (DOC) and January 2015 (Iron) two parameters were analyzed additionally. 
3. Results
It hast to be noted that measures were taken during the testing period to solve the imperfections in the test set-up. 
These measures will have affected the observations presented. The lysimeters have varying catchment areas, which 
leads to a variation in the quantity of road runoff flowing into the lysimeters. It also varied depending on the length 
and intensity of rainfall. This is due to the formation of ruts since the lysimeter facility was constructed and to 
additional inflow from the opposite bus stop. In April 2013, the road surface in the facility area was renewed, in 
order to make the total areas of the lysimeters comparable
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3.1. Hydrological balance
Figure 3 shows the as an example the data from the pluviograph and the tipping bucket gauges of Lysimeter 2.
Following data is displayed: 
x Cumulative curve of the rainfall quantity on the drainage area (road surface and lysimeter area itself) of the 
lysimeter [L] 
x Cumulative curve of the surface drainage (O) and leachate (S) from lysimeter 2 in [L] 
x Cumulative curve of the leachate + surface drainage from lysimeter 2 in [L] 
x Ratio S / (S + O) [-]
x Periods with data collection errors
Fig. 3. Cumulative curves of rain amount on the drainage area, surface runoff (O) and leachate (S), S+O, ratio S/(S+O): Lysimeter 2 (cohesive 
material, 10 [cm] topsoil, drainage and erosion control mat).
Compared to the surface runoff the leachate is relatively small. This is characteristic for the basins with cohesive 
soil (basin 1 –4) and is reverse for the basins with gravelly soil (basin 5 –8; Figure 6).
3.2. Water quality in leachates and road runoff
Figure 4 shows as an example the concentrations of chloride in all lysimeter leachates and in road runoff.
Fig. 4. Chloride concentrations in the leachate of the basins and the road runoff [mg/L].
The concentrations of chloride increase in winter due to the use of de-icing salt and return to values below 
10 mg/L in summer. This effect is much more distinct in the basins with the gravelly soil.
For the calculation of the loads of the measured parameters the concentrations of the composite samples were 
multiplied by the leachate quantities (tipping bucket gauges) of the respective basins for each sampling period. 
In Figure 5 the calculated chloride loads are exemplarily displayed for each lysimeter basin.
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Fig. 5. Chloride loads in the leachate of the lysimeters and in road runoff [g].
Table 3 shows the distribution between dissolved and undissolved metal fractions in the road runoff. The total 
metal concentration was measured following a HNO3 digestion. The total content might be a little higher due to 
a possible incomplete digestion of some metals. Therefore the rate of the solid materials is actually a little higher 
than stated in the table. 
Table 3. Amount of dissolved and undissolved metal in the road runoff of the lysimeters in Augsburg during the comparative test
(average of 5 sampling dates in Dec. and Jan. 2012/2013; n =17).
Parameter
Dissolved metal
filtered 0,45 µm
Total (HNO3
digestion)
Undissolved 
ratio Parameter
Dissolved metal
filtered 0,45 µm
Total (HNO3
digestion)
Undissolved 
ratio
[µg/L] [µg/L] [%] [µg/L] [µg/L] [%]
Lead 7.0 20.6 66 Zinc 67.4 291.6 77
Cadmium 0.2 0.2 ( 0 ) Molybdenum 3.1 5.8 47
Chrome, all 2.9 12.8 77 Antimony 1.8 6.4 72
Copper 17.8 54.8 68 Vanadium 0.8 4.2 81
Nickel 3.9 10.7 64
The fraction of undissolved metals in the road runoff is two third or more. An exception is cadmium, which 
seems to occur completely in dissolved form, which is due to the fact that the concentrations of cadmium are near or 
below the limit of quantification, which results in uniform values for both fractions. A bigger proportion in 
dissolved form only occurs for molybdenum (about 53 %). Sources of the contaminants in the road runoff among 
other things are gasoline, catalytic converters and the abrasion of tires and breaks.
4. Discussion
4.1. Surface runoff and leachate of the lysimeters
The data show that the lysimeters have different catchment areas, due to strong surface irregularities of the road, 
resulting in different road runoff volumes reaching the lysimeters. For the comparison of different safeguards, to 
know the quantity of surface runoff alone is not sufficient. For the evaluation of the technical safeguards the surface 
runoff O is displayed in combination with the leachate S as ratio S/(S+O) (see e.g. Figure 2 or Figure 6). The surface 
runoff includes the interflow and the rainfall on the basis of the basin.
In terms of the leachate quantities, the embankments from cohesive soil (displayed in green in Figure 6) are 
clearly distinguishable from embankments from sandy gravelly soil (red/orange). At the end of the displayed period 
the ratio S/(S+O) is between 7 % and 17 % in the basin with cohesive soil, and between 46 % and 63 % in the basin 
with gravelly soil. Figure 6 shows that with increasing operating time of the lysimeters a reduction of the leachate 
ratio takes place. This is possibly caused to settling processes in the soil. This is clearly visible with the cohesive soil 
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basins (green) during the first 1 to 1½ years, has reduced since then and may be completed by now. The process 
occurred significantly earlier in the gravelly soil (red/orange). 
In the leachate samples of the gravelly soils fine particles were occasionally observed, especially during heavy 
rainfalls. The re-increase of the leachate ratio since roughly nine months after the start of the study might also be 
due to this. The release of fine particles from the basins with gravelly soil in combination with settling processes 
(increase and decrease of hydraulic conductivity respectively) is most likely the reason for the varying S/(S+O) 
ratio.
Fig. 6. Course of the ratio S/(S+O) for basins 1 to 4 (cohesive soil – green colors) and basins 5 to 8 (gravelly soil – red/orange colors)).
The bitumen gating in lysimeter 4 and 5 does not cause a reduction of the leachate ratio for both types of soil, but 
rather an increase. This technical safeguard has therefore not proven successful under the tested conditions. The 
modified mineral sealing in lysimeter 7 yields a low leachate ratio, but seems nevertheless limited in its function, 
because the ratio is higher than in lysimeter 8, which has no technical safeguard. The influence of the runoff 
infiltrating into the shoulder is too high to quantify if there is a fault in the sealing. Generally, for all four basins with
gravelly soil in the embankment, the soil moisture data show that a high proportion of runoff had already seeped 
away in the shoulder, which is not covered by the technical safeguard. Taking this into account and also the fact, 
that the main difference between the lysimeters occurs due to different soil properties, a comparison of the technical 
safety measures is only conditionally possible. A modification of the shoulders leading to a reduction of direct 
infiltration in the shoulder could minimize this problem.
4.2. Concentrations and loads
The measured concentrations show significant seasonable variations and also differences between dissolved and 
undissolved portion. Due to the high amounts of leachate the significance of the concentrations must not be 
overrated and it is useful to consider the load of the substances.
Table 4 contains an overview of the loads of the examined substances in the leachate of the lysimeters and the 
road runoff from 15.07.2010 until 30.06.2015. If concentrations in the leachates or in the road runoff were below the 
limit of quantification, half of the quantification limit value was used for the calculation of the loads.
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Table 4. Loads in the measurement period 15.07.2010 until 30.06.2015 in the leachate of the lysimeters and the road runoff
(n = 45 to 88 for each lysimeter).
Basin 1 Basin 2 Basin 3 Basin 4 Basin 5 Basin 6 Basin 7 Basin 8 Road 
runoff
(filtered)
Average 
B1 - B4
(cohesive soil)
Average 
B5 - B8
(gravelly 
soil)
Chloride [kg] 8.59 4.18 10.13 8.00 19.8 17.1 13.18 11.64 29.4 7.72 3.86
Sulphate [g] 1140 781 826 422 849 1440 1454 495 358 792 265
Cyanide (total) [mg] 1631 987 3214 2236 1675 1492 1121 1311 1559 2017 1400
DOC [kg] 0.5 12.5 59.1 23.5 149.3 124.9 100.0 105.6 226.2 23.90 120.0
Lead [mg] 32.4 16.1 13.0 29.6 87.3 93.5 78.4 62.2 229.3 22.8 80.3
Cadmium [mg] 26.9 9.5 17.1 21.5 170.2 142.8 96.9 67.4 8.0 18.8 119.3
Chrome (total) [mg] 51.5 25.6 68.6 50.3 88.7 91.1 75.9 59.1 127.0 49.0 78.7
Copper [mg] 95.9 29.6 119.5 40.1 5850 5144 3689 4377 1036 71.3 4765
Nickel [mg] 1943 1033 1285 2393 343 263 291 241 190 1664 285
Zinc [mg] 149.4 72.6 122.8 72.4 295 278 192 273 4777 104.3 260
Molybdenum [mg] 38.7 53.8 78.9 97.7 208.7 237 224.8 169 166.0 67.3 210
Antimony [mg] 25.4 9.8 14.1 17.6 65.5 65.6 55.7 46.4 90.8 16.7 58.3
Vanadium [mg] 16.0 5.1 14.3 6.2 28.7 31.8 27.1 30.5 181.6 10.39 29.5
It is noticeable in Table 4 that the differences between both soil materials are significantly higher than the 
differences between the technical safeguards. This also is the case with the concentrations in the leachates.
Additionally, the unequal inflow due to the different and unknown sizes of the catchment areas is relevant, as it 
directly influences the calculation of the loads.
The total contaminant content in the soil is compiled in Table 5 for each lysimeter. The spiked substances are 
underlined. For calculating the substance load entering the lysimeters via road runoff the assumption was made that 
every basin receives the same drainage amount as the road runoff collector. This is, however, not the case as shown 
by Brandt et al. (2013). These values are thus a best possible estimate with low error levels as they are averages of 
four lysimeters with cohesive or gravelly soil each respectively.
Table 5. Contaminant content in the lysimeter soils at the time of installation, calculated inflow (from road runoff) and average outflow (with 
leachate) over the measurement period (from 15.07.2010 until 30.06.2015).
Cohesive soil: Per 
lysimeter about 4.6 t soil 
installed
Content in soil at the 
time of installation 
[g]
Inflow with the 
road runoff 
in the measurement period 
dissolved [g]
Outflow with the 
leachate in the 
measurement period 
[g]
Outflow with the leachate in the 
measurement period 
[% of the initial content]
Cyanide 23.5 1.56 2.02 8.05
Copper 828 1.04 0.07 0.009
Cadmium 17.0 0.01 0.02 0.110
Nickel 64.4 0.19 1.66 2.58
Chrome, total 78.2 0.13 0.05 0.063
Zinc 119.6 4.78 0.10 0.084
Gravelly soil: Per 
lysimeter about 4.74 t 
soil installed 
Cyanide 19.4 1.56 1.40 6.68
Copper 1423 1.04 4.77 0.335
Cadmium 30.4 0.01 0.12 0.392
Nickel 13.3 0.19 0.28 2.11
Chrome, total 14.2 0.13 0.08 0.549
Zinc 19.0 4.78 0.26 1.092
Table 5 shows that the average substance output of each lysimeter was relatively small during the measurement 
period. Even from quite soluble substances such as cyanide less than 8 % of the initial content was discharged. 
However, there might already have been a discharge of cyanide in the short period of time between the installation 
of the soils and the start of the sample collection. This is indicated by the very low concentrations in the leachate 
particularly of the gravelly soil.
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4.3. Influence of the deicing salt on road runoff and leachates
It becomes very noticeable that high chloride concentrations have a mobilizing effect on many of the examined 
metals, also if the pH value is not typical for this. Due to the use of de-icing salt, the concentration of chloride varies 
strongly over the year (see Figure 4). While the chloride seems to be washed out nearly completely in the basins 
with gravelly soil during summer, the concentrations of chloride remain on a higher level in the cohesive soil.
Figure 7 shows a coincident variation of chloride and sulphate concentrations in road runoff. A mobilizing effect of 
chloride on sulphate from the road surface is most likely. This coincident variation can also be observed for cyanide. 
However in the case of cyanide it is most likely that the higher cynaide concentrations are the result of 
de-icing salt that includes ferrocyanide as anti-caking agent. 
Fig. 7. Chloride, sulphate and cyanide concentrations in the road runoff in [mg/L].
An influence of the pH value on the concentrations and loads of the leachates and of the road runoff can not be 
detected, because the pH fluctuations are comparably low and take place in a pH range in which the mobility of 
most heavy metals only changes very insignificantly. 
4.1. Summary
In terms of water quality the following was concluded:
x It was shown that the average contaminant output of all lysimeters was relatively low during the measuring 
period of 5 years. This also applies to easily dissolvable materials such as cyanide.
x High chloride concentrations have a mobilizing effect on heavy metals in road runoff.
x The uneven distribution of the inflow of road runoff to the lysimeters has a significant impact on the loads 
leaving the lysimeters. The differing substance loads show the difference between the two installed soils more 
clearly than between the implemented technical safeguards.
x The average concentrations in the leachate of the lysimeters are very similar, when the same soil is installed. 
Thus, the quality of the inflow determination directly influences the load calculation. So a final conclusion on the 
effects of the technical safeguards can not be given.
Considering the hydrological balance, the following was found:
x The selection of the construction material has a significant effect on the ratio of the leachate.
x Some technical safeguards do not cause a reduction of the leachate ratio or are limited in their function. But the 
influence of the water seeping into the shoulder is too high to quantify this.
Due to the following factors a final evaluation of the technical safeguards is not yet possible: 
x The strong influence of soil type and sealing exceeds the influence of the technical safeguards in the lysimeters 
with gravelly soil. 
x The lysimeters have varying catchment areas, which leads to a variation in the quantity of road runoff flowing 
into the lysimeters. It also varied depending on the length and intensity of rainfall. 
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x The ratio of leachate varies over the experimenting period. Reasons could be settlement processes in the soils or 
a denser shoulder due to the input of fine particles. In the lysimeters with gravelly soil, export of fine particles 
could possibly have led to a change in the permeability. The further development can not be estimated yet.
x A closed hydrological balance was not possible to perform yet, because the evaporation could only be 
insufficiently estimated. For nearly identical catchment areas, which were assumed in the beginning, this problem 
would have been manageable. But considering the real catchment sizes, this created an unquantifiable gap. 
5. Outlook
The results show that despite the quite permeable shoulder and the highly permeable slope material in the 
lysimeters with sandy gravel soil only a low substance load leave the lysimeters. 
The hydrological balance of each lysimeter should be known, e.g. to control the catchment areas. For this reason 
a meteorological station was installed on site in January 2015, including heat flux plates and radiometers in two of 
the lysimeters.
In January 2015 total iron was added to the examination program, in order to further define the effect of material 
retention of road runoff sediments. The determination of the DOC in the water samples should be continued, 
because the spiked element copper in particular shows significant changes in behavior with changeable DOC. 
To ensure a good differentiation of the embankments with and without technical safeguards for the remaining 
study time, two problems had to be solved:
1) A reconstruction of the road surface in front of the lysimeter facility to equal the varying catchment areas
2) A modification of the shoulders leading to a reduction of direct infiltration in the shoulder 
Both measures have been implemented (2013 and 2014), but will reach their full efficiency only after a study period 
of several years. In April 2013, the road surface in the facility area was renewed, in order to make the total areas of 
the lysimeters comparable. Especially regarding the lysimeters with gravelly soils in the embankment, it must be 
examined whether the renewed road surface allows for a better statement quality.
At the end of the project, a color tracer test will be performed in order to investigate whether preferential flow 
paths have formed during the period of examination.
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